ORIGINAL ARTICLE PURPOSE We aimed to investigate the magnetic resonance imaging (MRI) appearance of inflammatory myofibroblastic tumors (IMTs) in the maxillofacial region in order to improve diagnostic quality and resection efficacy.
I
nflammatory myofibroblastic tumors (IMTs) are rare neoplasms composed of myofibroblasts accompanied by prominent small lymphocytes and plasma cells (1) . They have previously been categorized in the inflammatory pseudotumor group, but they are now defined as a separate entity based on electron microscope and immunohistochemical findings. Recent studies have shown that cytogenetic clonal abnormalities and anaplastic lymphoma kinase expression are the best definitive markers for diagnosing IMTs (2, 3) . IMTs most commonly involve the lung, although they have been described in almost all sites in the body, in both sexes, and at all ages (4) . IMTs in the maxillofacial region are exceptionally rare, and the clinical presentation depends on the location of the tumor. Patients can present with fever, pain, swelling, otorrhea, and cranial nerve palsy (5) . IMTs clinically mimic malignant lesions, and the clinical significance lies in the difficulty encountered in excluding malignancy, preoperatively. There have been only a few studies that reported substantial numbers of IMTs in the maxillofacial region. Recently, Yuan et al. (6) reported imaging findings for eight IMT cases in the maxillary sinus; however, only three of the patients underwent MRI analysis, and the researchers could not summarize the MRI characteristics. Therefore, we have retrospectively analyzed the MRI findings of ten cases with maxillofacial IMT and summarized the imaging features in order to improve the diagnosis of this tumor.
Material and methods

Patients
A total of ten patients with pathologically confirmed IMTs in the maxillofacial region were reviewed retrospectively. These patients were treated in our hospital between February 2007 and June 2013. The clinical records of the patients were obtained for review, including age, sex, clinical symptoms, laboratory examinations, treatments, and follow-up information. This review was conducted according to the requirements of our institutional review board.
Imaging protocol
MRI examinations were performed using a 1.5 Tesla unit (GE Signa EXCITEII 1.5; GE Healthcare, Milwaukee, Wisconsin, USA) with a combined head and neck coil. The following sequences were obtained for each patient: unenhanced T1-weighted images; fast spin-echo imaging in the axial, coronal, and sagittal planes; unenhanced T2-weighted images in the axial plane; contrast-enhanced T1-weighted images in the axial and sagittal planes; and contrast-enhanced, fat-suppressed T1-weighted images in the coronal plane. A bolus injection of gadopentate dimeglu-mine (0.1 mmol/kg body weight) was administered for contrast-enhanced sequences. Four patients underwent diffusion-weighted imaging (DWI) before intravenous injection of gadopentate dimeglumine. Diffusion-weighted images were obtained using a spinecho echo-planar imaging sequence with a chemical-shift selective fat-suppression technique. The sequence was repeated for two motion-probing gradient values (b=0 and 1000s/mm 2 ).
Image assessment
Two experienced radiologists (H.I. and X.W.L, with seven and eight years of experience in the head and neck tumors, respectively) independently evaluated the magnetic resonance (MR) images. Any disagreements were resolved by consensus. All MR images were viewed on a picture archiving and communication system workstation monitor (Centricity RA1000 Workstation V.3.0; GE Healthcare).
The MR features of the primary tumors included: tumor location, tumor shape (round or lobulated), tumor margins (clear or unclear), signal intensity (classified as hypointense, isointense, or hyperintense compared to adjacent muscles), lesion texture (homogeneous or heterogeneous), and contrast-enhancement patterns (homogeneous or heterogeneous; strong, moderate, or absent). Contrast enhancement was considered to be strong if the degree of enhancement was similar to that of the normal mucosa, moderate if the degree of enhancement was less than that of the normal mucosa, and absent if the lesion exhibited no relative increase in signal. Tumor invasion of regional structures and regional lymphadenopathy were also evaluated.
Results
Of ten patients, six were male and four were female; ages ranged from nine to 70 years, with a median age of 38 years. Four patients were less than 25 years old. On physical examination, seven patients presented with a painless mass in the parotid gland or buccal region, two patients presented with edema in the maxillofacial region, and one patient presented with exophthalmos.
Seven patients underwent complete excision or partial resection of their masses, while three patients underwent extensive excision. None of the patients received chemotherapy, radiotherapy or corticosteroids/nonsteroidal anti-inflammatory drugs. One patient had a recurrence of IMT seven months after surgery. Residual tumors of the three patients, who underwent partial resection, were stable (n=2) or slightly enlarged (n=1) at the last follow-up. All patients were alive at the time of this investigation, and the follow-up time ranged from five to 66 months. No distant metastases were found.
Of ten masses investigated in this study, six arose in the masticator space, two in the parotid gland, one in the maxillary sinus, and one in the orbit. Six masses were on the right side of the maxillofacial region and four were on the left side.
The smallest mass in our study was 12×10 mm, while the largest mass was 60×67 mm. Eight masses were lobulated neoplasms with unclear margins, and two masses in the parotid gland, were round neoplasms with clear margins ( Fig. 1) .
Eight tumors had heterogeneous texture with isointense signals on precontrast T1-weighted image, slightly hypointense (n=4) or slightly hyperintense (n=4) heterogeneous signals on T2-weighted image, and strong heterogeneous signals on contrast-enhanced T1-weighted image. Two tumors had homogeneous texture with isointense signals on precontrast T1-weighted image and slightly hypointense signals on T2-weighted image, and exhibited strong enhancement on contrast-enhanced T1-weighted image (Fig. 2) . No evidence of cystic or necrotic change was found in any of the masses. Four patients underwent DWI, where masses were seen as slightly hyperintense (n=3) and slightly hypointense (n=1) (Figs. 2, 3) .
Eight patients had encroachment of structures adjacent to the masses, which included: muscles of the maxillofacial region (n=8), bone (n=6), pterygopalatine fossa (n=2), sphenoidal sinus (n=1), and optic nerve (n=1). Meanwhile, two patients had intracranial involvement via invasion through both the foramen rotundum and foramen ovale resulting in thickened cranial nerves (Fig. 4) . One patient had segmental dural thickening (Fig. 5) . Clinical and MRI characteristics of the IMTs are summarized in the Table.
Discussion
The maxillofacial region is host to both benign and malignant tumors characterized by the proliferation of spindle-shaped cells. In this region, IMTs are very rare and their characteristics are controversial. IMT was first observed in the lungs by Brunn in 1939 and named by Umiker in 1954, according to its clinical and radiological behavior, which mimics a malignant process (7) . Pathologically, IMTs are composed of lymphocytes, plasma cells, histiocytes, fibroblasts, and myofibroblasts, in variable proportions (8) . As a result, IMTs are difficult to diagnose preoperatively through either fine-needle aspiration or biopsy. The lungs, liver, and gastrointestinal tract are the most common sites for IMTs. In the maxillofacial region, IMTs have been reported in the orbits, parapharyngeal spaces, maxillary sinuses, submandibular region, and the oral cavity (6, 9, 10) .
Clinically, IMT in the maxillofacial region may present as an incidentally discovered painless and indurate mass, developing within a relatively short duration; although occasionally it may present with specific symptoms related to the site of origin (5, 11). The majority of IMTs are not associated with systemic signs and symptoms like fever, weight loss, or malaise. In our study, a painless mass in the parotid gland or buccal region and swelling in the maxillofacial region were the most obvious clinical features of IMTs, and this was consistent with other reports. IMTs in the maxillofacial region have been diagnosed in all age groups, but the affected patients tend to be children and young adults (1) . In this study, out of the ten patients studied, four were less than 25 years old while the youngest patient was only nine years old, in accordance with previous reports.
The mainstay of IMT treatment is complete surgical excision (12) . If com- plete surgical excision is impossible or unsuccessful in case of aggressive IMTs, high-dose systemic corticosteroids, radiotherapy, or chemotherapy can be employed (13) . In our study, seven patients underwent complete excision or partial resection of the masses and three patients underwent extensive excision. One patient had a recurrence, while no evidence of recurrence was observed in the other nine patients. Because IMTs can clinically and radiographically mimic a malignant process, correctly recognizing the lesion is necessary not only for selecting the appropriate treatment, but also for guiding the surgical resection. Based on the MR findings of IMTs in the maxillofacial region in our study, we compiled the MR features of these tumors as follows. First, IMTs are solid masses with unclear margins and lobulated shapes. In our study, all masses were solid and no evidence of cystic or necrotic change was found. Despite their apparently benign morphological nature, IMTs have been reported to have locally aggressive growth behavior (10, 14) . In our study, 80% (8/10) of the masses had aggressive, lobulated appearances, with unclear margins on MRI. Second, the tumors generally have hypointense or slightly hyperintense T2 signals, and they exhibit strong enhancement in the contrast-enhanced T1-weighted image. Unlike most tumors or tumor-like diseases, IMTs were reported to have hypointense T2 signals, which may be explained by the relative lack of mobile protons within fibrotic IMT lesions (15) . In our study, T2 signal was hypointense or slightly hyperintense compared to adjacent muscles in 80% (8/10) of the masses, and this was consistent with previous studies. Moreover, IMTs were described as hypervascular tumors (7), and all the masses in our study exhibited strong heterogeneous enhancement after contrast administration, consistent with hypervascularization. Third, tumors commonly exhibit local invasion. IMTs have infiltrative features recognizable on MRI, mimicking more common aggressive malignant neoplasms (16). Yuan et al. (6) , reported eight cases of IMTs of the maxillary sinus, with all cases exhibiting bone destruction or infiltration into adjacent tissues. In our study, eight patients showed involvement of adjacent structures, which included muscles of the maxillofacial region, bone, pterygopalatine fossa, paranasal sinus, and optic nerve. Notably, two patients in this study had intracranial involvement by means of invasion through the foramen rotundum and the foramen ovale. However, clinical nerve palsy was not found in these patients. Tumor invasion has also been reported by McKinney et al. (17) . They hypothesized that this kind of invasion may be related to inflammatory perineural edema or ischemic neuropathy. Finally, no distant metastases are found in the IMTs. Although the clinical data and imaging features of IMTs may mimic malignancy, there is no evidence of malignant transformations, metastases, or deaths. Consistent with previous studies, no patients had lymphogenous or hematogenous metastases in this study.
Radiologically, IMTs in the maxillofacial region need to be differentiated from a variety of malignant tumors, such as rhabdomyosarcoma, leiomyosarcoma, fibrosarcoma, lymphoma, and adenoid cystic carcinoma. Rhabdomyosarcomas are some of the most frequently occurring soft tissue sarcomas, and they are most common in children. Rhabdomyosarcoma masses are often iso-or hyperintense in T2-weighted images. Leiomyosarcomas are typically present in older patients, mostly on the skin and in the soft tissue of the head and neck (18, 19) . As IMTs tend to be in children and young adults, and are usually hypointense or slightly hyperintense on T2-weighted image, they are easy to differentiate from sarcomas. However, MRI findings and the clinical presentation of fibrosarcoma in the maxillofacial region are often difficult to distinguish from IMT (20) . Low T2 signal of fibrous tissue can be found in both types of tumors. There were two patients in this study that had intracranial involvement via invasion through the foramen rotundum and foramen ovale. This kind of invasion may be characteristic in IMTs and can be used to differentiate IMTs from fibrosarcomas. Lymphomas exhibit homogeneous soft-tissue signals with limited hemorrhage, calcification or necrosis, and the masses have mild to moderate homogeneous enhancement after contrast administration. Diffuse and bilateral cervical lymphadenopathy is also commonly found. IMTs can be differentiated from lymphomas by the heterogeneous lesion texture and the absence of lymphadenopathy.
The parotid gland IMTs in this study needed to be differentiated from pleomorphic adenoma, Warthin tumor, and carcinoma of the parotid gland. The high T2 signal of pleomorphic adenomas and their strong enhancement after contrast administration are wellknown specific MRI findings. It is believed that the T2 hypointensity of a parotid tumor and postcontrast ill-de- fined margins are useful indicators for malignancy. However, the two IMTs in the parotid gland in this study were round neoplasms with clear margins, low T2 signal and strong enhancement; these features maybe helpful in differential diagnosis. For Warthin tumors, the typical findings include the heterogeneity of the tumor, moderate T1 and T2 signal, absence of strong enhancement, and a presence in the parotid tail. IMTs may be differentiated from Warthin tumor by their strong enhancement.
A relatively limited number of patients was one of the main limitations of this paper. This limitation was due to the low incidence of IMTs in the maxillofacial region. A follow-up study with increased number of cases would be beneficial for a more detailed MRI characterization of maxillofacial IMTs. Moreover, several articles have highlighted that dynamic enhanced-MRI and DWI with ADC evaluation could improve the performance of MRI in distinguishing between benign and malignant head and neck tumors, and characterize the different histological types of different tumors. These novel imaging techniques may also be useful in differential diagnosis of IMTs and other tumors. In this study, only four patients underwent DWI, and they presented as slightly hyperintense (n=3) and slightly hypointense (n=1). If confirmed in larger series, this slight signal may also be a distinguishing feature for IMTs, as malignant tumors are supposed to be hyperintense on DWI.
In conclusion, on MRI analysis IMTs tend to present as solid masses with irregular margins, lobulated shapes, low T2 signal, strong enhancement and frequent invasion of surrounding structures. MRI analysis can help distinguish IMTs from malignant tumors, determine the extent of the lesion and its relationship with adjacent tissues. Thus, MRI can be a valuable tool for differential diagnosis of IMTs, as well as providing guidance in treatment and surgical resection.
